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The birth of Paricutin Volcano in a coiaifield in the state 
of Michoacan, Mexico, in 1943 lias provided an iiniiaralleled 
opportunity for the study of volcanism and its effects. The 
eruption immediately attracted the attention of geologists, 
whereas biological phenomena were given relatively little 
consideration in the eaiJv vears of the Volcano. Geological 
interest has subsided since the eruptive phase ended on 
March 4, 1952, but pi’oblems for the biologist are becoming 
increasingly evident. Dui'ing the active period botanical 
studies were focused mostly at the destructive nature of the 
volcanic ejecta (Eggler, 1948, 1959) and the manner of 
preservation of a potential fossil recoi’d in the lava and ash 
(Dorf, 1945, 1951). The colonization by plants and animals 
of the wholly inorganic deposits of Pai'icutin now deserv^es 

a thorough, long-term scrutiny. 

In the summer of 19.58, while in Mexico for a study of the 
alpine flora in that country, 1 had the opportunity to make 
a side trip to Paricutin. The primary motive of this visit was 
to detei’mine whether oi‘ not the same pioneer plant sjDecies 
might be involved in ])rimary succession on volcanic deposits 
of a new volcano as are found in the alpine floi’a on the older 
and much larger volcanoes. In addition to age and size dis¬ 


tinctions between Pai'icutin and the mountains with alpine 
vegetation, there is also a considerable difference in eleva¬ 
tion. The cone of Pai'icutin has a maximum elevation of 
about 2800 meters, while the lower limit of the alpine flora 
is mostly above 3900 meters elevation. No species common 
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to the two areas were found, but the unexpected result of 
this visit was the discovery that 11 species of vascular plants 
already had gained a foothold on the cinder cone of Paricutin 
only six and a half years after volcanic activity had ceased. 

For several reasons it appeared that the limited time avail¬ 
able for this study could best l)e spent on the cinder cone. The 
lava Hows, covering neai'ly 25 squai*e kilometers (Fries and 
Gutierrez, 1954), would be veiy difficult to examine critically 
in a shoit while, and much of the pyroclastic ejecta extend 
for hundreds of kilometers with no well-defined limits. The 
cone is the most prominent featui*e of the Volcano, and its 
age and history are thoroughly documented. It is small 
enough to allow observations that can be i-epeated fi’om time 
to time by independent investigators. Although small, the 
cone provides a rather wide diversity of habitats. This re¬ 
port is thus concerned with the vascular i)lant species which 
are beginning to establish themselves on the cone of Pari¬ 
cutin. 


GEOGRAPHY AND GEOLOGY 

Paricutin Volcano is located in central western Michoacan 
approximately 80 kilometers WNW of Uruapan. Two form¬ 
er villages, Paricutin and San Juan Parangaricutiro, were 
buried by lava early in the life of the Volcano, and now the 
closest settlement is Angahuan about seven kilometers to the 
ENE. Paricutin lies in the zone of hundreds of volcanoes 
which crosses Mexico from east to west between the parallels 
of 18° and 22° N. latitude. It is situated about 10 kilometers 
north, on the lower slope, of the long extinct Cerros de Tan- 
citaro which rises to an elevation of 8860 metei's. In a I'eport 
on the volcanoes of the Paricutin region, Williams (1950) 
indicated that more than 150 cinder cones and over 20 large 
lava cones were present in the ai'ea covered by his geological 
reconnaissance map (about 50 x 60 kilometers). In contrast 
to the massive Ceri’os de Tancitai’o, most of the volcanoes in 
the region are about the same size as Paricutin. The most 
distinctive features of Paricutin are its youth and well-known 
geological histoiw. The series of biological events now in 
action there must have previously taken place in a similar 
fashion on all of the other volcanoes. 
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From the original vent in the cornfield at an elevation of 
about 2400 meters, the cinder cone of Paricutin grew to a 
height of 10 to 12 meters in one day. In six days it was 167 
meters high with a basal diameter of 730 meters and a crater 
diameter of 90 meters. Within 25 days the cone was about 
200 meters high, and nine months after birth its pi'esent 
dimensions had nearly been attained (Foshag and Gonzales 
R., 1956). Subsequent growth was much slower because of 
the large area over which ejected material was spread, and 



Fk;. 1. Skftch r>f the corn* of Paricutin Volcano looking- southwe.stcrly (modific<l 
from an ohliuui* aerial photograph in Fries an<l Gutierrez, 1954). A, route taken on 
cone: H. east base of cone: C. Nueva duatita lava-vent mound; 1>, northeast saddle 
on rim of cone: E, east iieak of rim: I', southwest saddle of rim; G. west peak of 
rim: H* southwest crater vent: I, ridp:e between crater vents: .J, northeast crater v'ent: 
K, slump line: L. colltK’tion locality of Pit fjrofjrannna cnloi}irlanos, P. tartarea, Ptvri- 
dinni atiuiliuum var. frri, anti undc'termined fern; M, collection locality of Pmits 
tn(>)if*‘zuntar ^ ; N. collection locality of umU’termined dicot seedlingri O, collection locali¬ 
ty r)f Pf'Uaen t( rtiif(dia var. t(’rnif(di(i. At ijaitotjon coich roidcs, Biiddlvia rordata^ Astt r 
f'.rilis, Coriffzti corotntidfolin, Kn/Kifttrlunt ixtzniart use ? . (iva t>haliuiu at ft'x uat n in, ami 
G. seniia in id* .riranlr. 
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the increment fi’om later ejecta was about balanced by ero¬ 
sion and slumping:. Although the neai’ly final size of the 
cone was developed in a very short time, the exact morphol- 
og:y was not stabilized until activity ceased (Fries and 
(^lUtierrez, 1951). Slumping’ of the sides occuri’ed several 
times as a result of the flowing out of lava beneath. After 
slumps the cone sides were rebuilt l)y the ejection of pyro¬ 
clastic matei’ial from the crater vents. 

The dimensions of the cone on May 1, 1952 (thi’ee months 
after activity ceased) from measui’ements made by Fries 
and Gutiei’i’ez (1951) are as follows: West peak, 2808.6 m. 
elevation ; east peak, 2807.9 m. elevation ; lowest point on the 
noi’theast rim, 2770.2, m. elevation ; j^eaks of crater I’im about 
•110 meters above oi’iginal level of cornfield ; base of cone oval 
with noi’theast-southwest diameter of about 650 metei’s and 
northwest-southeast diameter of 900 meters: cratei* )’im 
nearly round with diametei' of about 280 meters; bottoms of 
the two ci’ater vents, aligned on noilheast-southwest axis, 
about 2)0 or 10 meters below levels of northeast and south¬ 
west saddles on rim. The actual pi’ojection of the cone above 
its base is considerably greater than its a])parent elevations 
because the lava flows immediately sui’rounding the cone 
are exceedingly thick. The Nueva Juatita lava-vent mound 
on the noilheast side of the cone is only 79 metei’s below the 
lowc'st point on the I’im of the crater. Although slumping, 
settling, and erosion have occurred since the 1952 measui’e¬ 
ments, the present dimensions of the cone probably are .still 
very nearly ecjuivalent. While the Volcano was still active 
the inclination of the outer slope of the cone ranged between 
2)1° and 32) ’ (Segerstrom, 1950). 

Most of the cone is made up of successive layers of pyi’o- 
clastic materials such as ash, cinders, lapillae, and bombs. 
Much of the up|)er crater surface is comprised of coarse to 
fine lapillae. The rim is mostly of fine cinders and ash with 
some largei’ fi’agments. The outer slope is of rather coarse 
rubble mixed with finei’ fragments. Segerstrom (1950) sug¬ 
gested that the l)ase may contain some massive lava which 
does not extend very fai’ ui^ in the cone. According to Wilcox 
(1954) the petrographic charactei* of the ejecta changed 
during the nine-yeai’ eruptive pei’iod from an olivine-bearing 



1980] 


IMants of Paricutin 


179 


basaltic andesite containing 55 percent silica to an oithopy- 
roxene-bearing andesite containing over 60 percent silica. 
Williams (1950) indicated that the pyroclastic ejecta were 
identical with the lavas or differed only in having a higher 
glass content or a greater degi’ee of vesicularity. At the end 
of activity in 1952, white ci'usts of ammonium chloride, de¬ 
posited by exuding vajiors, wei’e conspicuous on the crater 
sides (Fries and Gutieri’ez, 1951), Some of this material 
was still evident at the time of my visit in 1958, and gases 
were still being emitted by numerous fumerolic vents on both 
the cone and surrounding lava flows. 

CLIMATE 

The climate at Paricutin is tempei’ate with a relatively 
cool, wet season from June to October and a cool, dry season 
from November to May. There ai’e no climatic records foi* 
the area before the appearance of the Volcano, and the data 
ai'e still inadequate. From rainfall recoixls kept at two sta¬ 


tions during most of the active i)eiMod (cf. Fries and Gutier¬ 
rez, 1954) it can be seen that the annual precipitation varied 
fi-om about loOO to 2400 mm. Frosts and freezing tempera¬ 
tures occur during the winter months, but winter tempera¬ 
tures were reputedly milder during the eruptive period 
(Segerstrom, 1950). 

PLANTS PREVIOUSLY REPORTED ON THE CONE 

The first repoi’t of plants invading the cinder cone of Pari¬ 
cutin is by Egglei" (1959) who indicated that in February of 
1957 Mr. Kenneth Segerstrom of the U. S. Geological Survey 
found lichens and two species of angiosperms, probal)ly a 
Gnaphaliuni and an Eryuffin}}i, gi’owing on the rim of the 
crater. The Gnaphalium found by Segerstrom is very likely 
one of the two species of that genus obtained in the present 
study. Although no Erynf/ium was seen on the cone in this 
investigation, a specimen of Etyruiium heechydnuni (Bea¬ 
man 2S99) in full flower was found in volcanic ash at the 
edge of a deep gully about two kilometers east of the cone, 

SPECIES FOUND IN 1958 

The 14 vascular species found on the cone of Paricutin on 
September 1, 1958 are arranged by families below. Notes on 
habitats and certain other featui’es of the plants are in¬ 
cluded. The route taken on the cone and the approximate 
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location of plants collected are shown in lig. 1. Voncliei' 
specimens are filed in the Herl)ai‘inni ot Michigan State 
University'. 

POLYPODIACEAP]. 

Rellaea ternirolia (Cav.) Link var. ternifolia. (lU’invan 

Only two small plants, gi-owing in volcanic ash kept 
moist l)V gases from a fumerolic vent, were found neai' the 
summit of the east rim of the cratei*. The smaller ol the 
two specimens has numei’ous si)orangia on the i)innae of 
some fronds. 

Pityrogranima calomelanos (L.) Link. (Bvamun 2J^OSC). 
In the field this species was not distinguished from P. tar- 
tarcd, and the two were inadvertently mixed in the collec¬ 
tion. Lither one or both species are common on the north¬ 
eastern side of the ci’ater among moderately coarse lapillae. 
These si)ecimens ai‘e without si)orangia. 

Pityrogranima tartarea (Cav.) Maxon. (Heavia)! 2.'fOSA). 
See discussion under P. calonivUniox. One plant of this col¬ 
lection, with a single frond, has young s|)orangia. Othei- 
specimens in the collection are sterile. A specimen of the 
same species obtained from the lava at the east base of the 
cone was much larger and had several well-develoi.)ed fertile 
fi’onds. l>oth Eggler (1059) and Clausen (1959) have noted 
that this is a jiioneer siiecies on Pain'cutin lava flows. 

Pteridium aquilinuni (L.) Kuhn var. feei (Fee) Maxon. 


( Eva Dimi 



. This si)ecies occui's with Pify)-o<ir((nn)ia 


r(tlo))i('Iaiiox and P. iartat ca on the sides of the ci’ater. Two 
juvenile, sterile specimens were collected. Eggler (1918, 
1959) and Clausen (1959) have noted that this is a common 
siiecies in the Paricutin area. 

Undetermined juvenile fern. (Bcanian 240SI)). The single 
sterile plant obtained, growing with Pityroyrantuia calouie- 
Uwox, P. fartarcd, and Pteridium (((/uilinum var. fed, is too 
immatui’e to permit more than a guess as to its identity. 

PINACEAE. 

I*inus montezumae Lamb. ? (Beauiun 2.!fl(>). This seedling 
pine was growing about 10 meters below the noi’theast saddle 


'I Jim itnbdittMl to Dp. Ivolla T'l-ynn for <K*ti*i’!iiiiiat ions of tho ft‘rns and lo Dr. I'^ogrers 
MeVau^H for rocoj,rn i'/.i njr tht* storiU* sporimons of Astrr r.rilis, and for siig:gri‘st ions that 
loail to tho iloltM’ini nat ion of anothm* spoedes. My aLli» nativo j^uido for thr t?*ip to lh«* 
roiu* was Sr. .losd (Tir/. (lonioz of Angrahuan, Michoacan. A gri’ant frorYi tho IV*nro.si* 
l’’und of (ho Aini*rican Philosophical Society made possible the held study in Mexico. 





UMiO] 


Plants of Paricutin 


181 


on the side of the crater. Only a single si)ecimen was touiid. 
The sul)sti‘ate was of ratlier coarse lapillae, and no iiimerolic 
vents were noted in the near vicinity. Piuu}< ))ioiitczu duic is 
one of the most impoilant forest components around Pari¬ 
cutin, and this plant is very similar to a mature specimen 
(B ('((collected near by. The only other common 

species of pine observed in the area is P. Iciophylla (Bva)n<in 

not that sj)ecies. At 


and the seedling is definitely 


least three other species (P. pseiidosfjvbdx, P. niichodcaua, 
and P. teoeote, cf. Martinez, 1948) probably occur in the 
Paricuti!! region, but the seedling is more like P. dioutczudidc 
than an.v of these. The specimen has secondaiy fascicles with 
onlv three and four needles (the species is tyihcally five- 
needled), but variations above and below the usual number 
were found in other seedlings in the area. The plant was in 
at least its second season as indicated by the pi’esence of both 
old, solitary^ primary leaves and younger secondary leaves. 


r.RAMINEAE. 


Aegopogon cenchroides H. & B. (B( 




Two 


small plants of this species, one with a slightly developed 
inflorescence, were found in volcanic ash kept moist by gases 
from a fumerolic vent near the summit of the east rim of the 


crater. 


(B 


2S!>(>), already with several well-developed stolons, was found 
among lava boulders at the east base of the cone. This spe¬ 
cies was not observed in ash deposits that were examined 
sevei'al kilometers awa.v fi’om the cone, but the superficially 
similar species, Cynodoti ddctylon, was found to be an im¬ 
portant pioneer in the ash. 


LOGANIACEAE. 

Buddleia cordata HBK. (Bcdman 21^06). A single seedling- 
plant was ol)tained near the summit of the east rim of the 
ci-ater in volcanic ash kejit moist by gases from a fumerolic 
vent. Sevei'al larger plants of the same species (Bedmon 
22!>f>) were scattered on the lava at the east base of the cone. 
BuddleUi corddta is a common species in the Mexican vol¬ 
canic highlands. 

COM POSITAE. 

Aster exilis Ell. (Bcdmdn 21^05). This was the most abun¬ 
dant species in the moist volcanic ash by a fumerolic vent 
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Eupatorium pazcuarense HBK. ? (Beaman 2JtOS). 


near the summit of the east rim of the crater. None of tlie 
specimens had begun to llower, but other herbarium speci¬ 
mens of this common Aster closely match this collection. 

Conyza coronopifolia HBK. (Beaman 2W7). Three small 
plants, two in dower, were found in the sameai’ea with Aster 
c.riiis. Conyza coronopifolia. is a common weedy species in 
the Mexican volcanic highlands. 

F'ive 

sterile plants of this species were found near the summit 
of the east i*im of the ci’ater in moist volcanic ash near a 
fumei’olic vent. Several species of Eupatorium in this com- 
plex are veiy similar vegetatively, thus making determina¬ 
tion didicult. A few larger plants (Beaman 2Si)2) with 
dried dowering stems of the i)re\dous season still attached 
were found on moist lava cliffs at the east base of the cone. 
These closely resemble othei’ herbarium specimens of K. 
pazcuarense from Michoacan. 

(inaphalium attenuatum DC. (Beaman 2U(tU)- Four 
plants, one beginning to Mower, were collected in the vicinity 
of a fumei’olic vent near the eastern summit of the rim of 
the ci’ater. Two specimens with abundant infforescences 


( Bea 
cone. 




( Bea 


2). Two 


specimens, one a rosette and the other at a slightly older 
stage, were obtained from the area near the summit of the 
east rim of the crater. Four other specimens (Beaman 2S!)2) 

in bud and dowei-, were found on lava at the east base of 
the cone. 

FAMILY UNDETERMINED. 

Undetermined dicot seedling'. (Beaman 22^02). This single 
plant was growing on the saddle of the northeast rim of the 
crater. No other plants were obseiwed in the immediate 
area, but the pine seedling and the ferns (except Pellaea 
ternifolia var. ternifolia) were collected on the side of the 
crater not far below this point on the rim. 

DISCUSSION 

An extensive survey of the ffora of the Paricutin region 
has not been published, but a doristic studv of the south side 
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of the neighboring Cerros de Tancitaro was made by Leaven¬ 
worth (1946), At comparable elevations many species are 
common to these two areas, but only six of the 14 species 
found on the cone of Paricutin were also collected by Leaven¬ 
worth. Observations on the vegetation in the vicinity of 
Paricutin were made by Eggler (1948, 1959) and Clausen 
(1959), but their intei*ests were not primarily floristic. Only 
two of the species (Pltyrouramma tartarea and Pterulinm 
aquilinum) which Eggler (1959) noted for their ability to 
survive or reproduce in the volcanically affected soils were 
found on the cone in this study. I made some effort to locate 


in near by areas the same species that were collected on the 
cinder cone. This attempt was most successful on the lava 
flows adjacent to the cone where six of the same species 
were found. A thorough study of the flora of the Paricutin 
I’egion is still needed to give some measure of the overall 
importance of species as they colonize the barren volcanic 


deposits. 


It seems highly probable that all ot the species on the cone 
were carried there as wind-borne propagules, although dis¬ 
persal by animals, especially birds, cannot be entirely dis¬ 
counted. The Polypodiaceae and the Compositae, both with 
five species, are predominant in the cone flora, while the 
other three determined species belong to different families. 
The small size of the fern spoi-es makes them well adapted 
to wind transport. All of the Compositae found on the cone 
are species with a well-developed pappus. The winged seeds 
of the pine make wind dispersal also the likely method of its 
transport. Aegopogon cenchroides has small, light spikelets 
with several awns which would seiwe in wind dispersal about 
as effectively as the pappus of the composites. The Buddleia 
species has very small seeds which could be blown by wind 

for a considerable distance. 


Soil conditions, in contrast to those in which the species 
ordinarily occur, must be extremely inorganic on the cone. 
Organic products would l)e iiresent only thi-ough the biologi¬ 
cal actions of the earliest pioneer species oi* by being trans¬ 
ported there from surrounding areas. These sources must 
have already contributed some oi-ganic materials, but the 
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cone substrates probably have not yet been sig’iiificantly al¬ 
tered. In the studies of Katmai Volcano in Alaska, Griggs 
(1919) noted that a scarcity of organic nitrogen retarded 
revegetation nioi’e than any other factor. Eggler (1959) 
suggested that ammonium chloride deposits, whicli are abun¬ 
dant on the cone of Paricutin, may provide a nitrogen source 
foi' plants. 

Substrates on the cone in which plants were growing can 
be roughly classified into thi’ee lyi)es: Moist ash near fuma- 
rolic vents, j'elatively coarse lapillae on the cratei’ sides, and 
ash on the crater lam away from fumei’olic vents. Eight 
species were found by the fumerolic vents, five in the lapillae 
on the side of the crater, and only one, a small seedling, in 
ash awav from fumerolic vents on the I’im of the crater. No 
plants wei-e found on the outer slopes of the cone, possibly 
because the rubble is coai'ser and less stable, and there is a 
lack of fumei-olic vents. The concentrations of plants in wet 
habitats on both the cinder cone and on surrounding lava 
flows suggest that water is an especially important factor 
in enabling species to become established. A thorough assess¬ 
ment is needed of the role of non-vascular species in modi¬ 
fying habitats on the volcanic materials. 

The success in establishment of species on the cone should 
be reflectc'd, to a ceilain extent, in their maturity and vigor. 
A rathei* long period would have been necessai'y foi* the two 
woody species, Piniu^ niontrzN mac ? and Bnddlcia cordafa, to 
attain a I’eproductive age. Three herbaceous angiosperm 
species, Ar<f(>}) 0 (/<m crnch roides, Conyza coronopifolia-, and 
(Inaphaliunt. atfcnuafuni, had flowered; and two ferns, Pvl- 


ifolia 


tcrnifolia and Pityroiiramnia farfaroa. 


had produced sporangia. The othei* sj)ecies were .still only 
in a vegetative state. All of the fei’ii species had a distinctly 
juvenile appearance. Although none of the plants wer(‘ es- 
pecially I’obust, the fact that five si)ecies had reached repro¬ 
ductive maturitv is noteworthv. 

Most of the species obsei’ved on the lava at the eastern base 
of the cone wei’e moi*e vigoi’ous than those on the cone, yet 
that lava could hardly have been colonized l)y plants any 
earlier than the cone itself. Part of this area I’eceived one 
of the last flows to be emitted fi‘om the Volcano in 1952 
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on 


(Fries and Gutierrez, 1954). FJupaforinm pazcuarem^e 
the lava had flowered in the previous season, and both species 
of Gudphaliiim and the Biiddleia w'ere exhibiting vigorous 
growth. Several healthy specimens of Calam-aprostis pring- 
lel (Bcunuin 2S8d, not present on the cone) were also well 
established. In the lava there are numerous basins, protected 
ci-evices, and caves to collect ash, silt, and water which pro¬ 
duce conditions favorable for plant growth. Likewise, gi*eat- 
ei* protection against extremes of evaporation and erosion 
is afforded bv the lava. Clausen (1959) reported finding 
eight species of fei'ns, two mosses, and two Gnaphaliums on 
lava (deposited 11 years before his visit) near San Juan 
Parangaricutiro. Eggler (1959) indicated that in 1950 he 
found a blue-green alga and mosses gi'owing on flows after 
three years, and after foui* years three species of ferns were 
established. 


The brief period between the cessation of activity by the 
Volcano and the discovery of plants on its cinder cone dem¬ 
onstrates that onlv a short time is necessarv for the initia- 
tion of primary succession. Paricutin now provides a model 
design for the study of plant dispersal, establishment, suc¬ 
cession, and community development on inorganic volcanic 

pi'Oducts. — DEPARTMENT OF BOTANY AND PLANT PATHOLO¬ 
GY, MICHIGAN STATE UNIVERSITY, EAST LANSING. 
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CONTRIBUTION TO THE FUNGUS FLORA OF 

NORTHEASTERN NORTH AMERICA’ 

Howard E. Bigelow and Margaret E. Barr- 

In the followinjr account, seven species of agarics are dis¬ 


cussed hv 


ofol i 


is described as a new species, and the new combinations Cli- 
tocybe hmUomanu-s (Jenn.) Bigelow and Lyophyllum multi- 
forme (Pk.) Bigelow are proposed. Information on the 
three pyrenomycetes has been prepared by the junior auth¬ 
or, and the new combinations Ani\sostoniula ru.besren,'^ (Ell. 
& Everh.) Barr and Gnomonia acvrophlUi (Dearn. & House) 
Ban* are proposed. 

Acknowledgment is made to the Faculty Research Coun¬ 
cil, University of Massachusetts, for financial support of our 
field program during 1958 and 1959. We also wish to express 
oui‘ appi*eciation to the following for the privilege of exam¬ 
ining type material: Dr. L. R. Hesler, Department of Botany, 
University of Tennessee; Dr. Clark T. Rogerson, Curator, 
Cryptogamic Herbarium, New York Botanical Garden; Dr. 
A. H. Smith, Director, Herbarium, University of Michigan; 
Mr. Stanley J. Smith, Senior Curator of Botany, New York 
State Herbarium. 

Colors cited in the descriptions of agarics, except in the 
case of Clitocybe hudsoHiauius, are from Ridgway, R. 1912. 
Color standards and color nomenclatui-e, Washinglon, D. C. 
The colors given for Clitocybe hudfionUinus are from Villa- 
lobos-Dominguez, C. and J. Villalobos. 1947. Atlas De Los 
Colores, Buenos Aires. 
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